INTRODUCTION
Sterols of many types, including cholesterol, estrone, testosterone, cortisone, and hexaesterol generally increase digestion in vitro (19) , possibly through action as a wetting agent. Although some steroidal hormones stimulate growth rate in ruminants (13), they have not been used in rations for lactating dairy cows because of possible residues in milk and altered reproductive performance. Certain natural steroidal hormones and plant steroids have similar chemical structures (27) . Sarsaponin a (SARS) consists mainly of sarsasapogenin and smilagenin, which are steroidal glycosides from the yucca plant. Sarsaponin has been used commercially to stimulate anaerobic fermentation of organic matter (OM) in biological waste treatment systems (18) . Enhanced anaerobic fermentation in the rumen could increase utilization of many livestock feeds and might improve efficiency of utilization of nutrients by ruminants. Sarsaponin may alter protein utilization as well. Addition of 30 ppm SARS to continuous flow fermenters (12) increased total N output and production of propionic acid from fermenters. Zinn et al. (28) noted that SARS added at 66 ppm to a 12.5% protein high concentrate diet increased duodenal protein supply to a point equivalent to that from a diet containing 15% protein.
No production trials have examined effects of SARS on the performance of lactating dairy cows. The objectives of this research were to determine the effect of SARS on fermentation and digestion by rumen cultures and to evaluate its effects in rations of lactating dairy cows on milk yield and composition and on ruminal fermentation.
MATERIALS AND METHODS

Semicontinuous In Vitro Fermentation
The semicontinuous in vitro digestion system was a modification of a system described by Short et al. (22) . Cultures were maintained in 250-ml Erlenmeyer flasks sealed with rubber stoppers, having ports for effluent extraction, substrate injection, and release of gas. Sixteen rumen cultures were used in a completely randomized experiment with four cultures per treatment. Rumen fluid was obtained from two mature heifers fed a 58% concentrate diet of ground corn and chopped alfalfa. Fluid from the two animals was cornposited, strained through cheesecloth, and placed into each of 16 fermenter flasks. Flasks were flooded with CO2, sealed, and placed in a water bath at 39°C.
Initially, each fermenter flask contained 150 ml of McDougall buffer (17) preheated at 39°C to which 50 ml of rumen fluid, a 1.5-em magnetic stir bar, and 2 g of substrate were added. Sarsaponin was added at concentrations of 0, 33, 55, and 77 ppm to a substrate consisting of 55% concentrate, air dry basis ( Table  1 ). The source of SARS for this work was Sevarin, s a commercial product containing steroidal saponins extracted from the plant, Yucca sbidigera. It has been classified as a natural feed flavoring material. At 12-h intervals (0645 and 1845 h), each flask was placed on a stir plate to slurry contents into a homogeneous mixture for sampling. A 50-ml sample was removed through a tube extending to near the bottom of the flask, and .5 g substrate and 50 ml buffer were introduced. Cultures were then replaced in the 39°C water bath and gassed with CO2 for 15 s.
Cultures were maintained for 22 d. The initial 10 d were for stabilization, after which samples obtained daily at 1845 h were analyzed. The pH was measured immediately. One milliliter of sample was removed with a widebore 1-ml pipet and mixed with 2 ml .85% NaC1 (wt/vol) containing 10% formalin and . bacterial cells (about 12 h), 7 ml of .85% NaC1 (wt/vol) and 10% formalin solution were added. Bacteria and protozoa were enumerated in duplicate in counting chambers on each of the 12 sampling d. Protozoal numbers were determined with phase contrast microscopy in Sedgewick-Rafter counting cells at 100×. Bacteria were enumerated in a Petroff-Houser chamber at 600×. Concentrations of NH3N in the effluent were determined by the method of Broderick and Kang (3). Nucleic acid concentration in the effluent was determined as described by Zinn and Owens (29) to estimate microbial N. Also, samples of effluent cornposited within cultures were dried at 55°C and analyzed for dry matter (DM), ash, N by macro-Kjeldahl (1), acid detergent fiber (ADF) (8) , starch (16) , and nucleic acids (29) .
Data were averaged over 12 d and subjected to analysis of variance. Treatment means were tested for linear and quadratic effects and one contrast, control versus SARS diets.
In Situ Digestion Trial
A complete ration containing 77 ppm SARS, air dry basis, or without SARS, was fed to two rumen-cannulated animals in a crossover design with two 12-d periods. The ration consisted of a concentrate mixture typical of those used for lactating dairy cows combined with sorghum silage in a 60:40 ratio, dry basis (Table 2) . Equal portions were fed at 1100, 1900, and 0300 h each day. The initial 8 d of each period were for adjustment to diets. During the following 72 h, different substrates were incubated in situ. Substrates were placed in 5 × 10-cm dacron bags with 55-gt pore size. Substrates included a) complete diet with 77 ppm of SARS, b) corn- 2Same basal grain mixture used for the production trial.
plete diet without SARS, c) a roughage source (prairie hay), d) soybean meal (SBM), and e) the basal grain mix. All ingredients of the complete diet were ground using a 2-ram screen prior to mixing. Bags containing substrates were attached to a 50-cm string weighted to stay submerged in the ventral part of the tureen and have complete and uniform exposure to microbial action. Five different incubation times (4, 8, 12, 24 , and 72 h) were used during each period. After incubation, the bags and contents were washed, dried for 72 h at 55°C, and analyzed for DM, OM, N, and ADF.
To calculate disappearance, the natural log of the amount of residual components was regressed against the time of incubation. Zero time period was ignored to avoid the rapid initial loss of soluble components and small particles. Rates of disappearance (slopes) for N, OM, and ADF for the different feeds were compared by Duncan's multiple range test (5) with animal and diet of the animal (SARS vs. none) as class variables.
Production Trial
Sixteen Holstein cows in their first lactation were started on experiment 6 to 10 wk postpartum. A switchback design was used with two blocks (eight cows per block) and three 4-wk periods. Cows were assigned to blocks on the ET AL. basis of season of calving and at random within blocks to treatment sequences. Dietary treatments were a) no SARS and b) 77 ppm SARS, air dry basis. Complete total mixed rations of 55:45 concentrate to sorghum silage (dry basis) were prepared fresh daily and approximately equal quantities were fed to cows in individual pens at 1100, 1900, and 0300 h. Basal grain mixture was the same as that used for the in situ trial ( Table 2 ). Intake of natural protein was restricted by inc/uding only enough SBM in the ration for each cow so that the total amount of intact protein was sufficient to meet 80% of estimated National Research Council requirements. Urea was added to provide protein equivalent to 15% of the total protein requirement for each cow. On the average, each cow received about 1.3 kg SBM and 120 g urea daily. Rations were adjusted each week based on weekly DM intake, body weight, and milk production. Dry matter of the basal grain mix (Table 2) , silage, and SBM were determined weekly. Dry matter of silage was determined by toluene distillation (1), whereas DM of other ration components was determined by drying at 100°C. Chromic oxide was included at 30 g/d as an indigestible marker to calculate DM digestibility. Milk weights were recorded twice daily and milk samples were taken at four consecutive milkings each week. Milk samples were analyzed for fat (Milko Tester MK III F3140) and protein percentage (Pro-milk II F-12500). Orts were obtained daily and compositcd weekly to determine protein and DM intake. Each cow was weighed twice each week to obtain a mean body weight for use in calculating ration adjustments.
Blood and rumen fluid samples were taken 3 to 4 h after the ll00-h feeding on the last day of each period. Blood was withdrawn from the median caudal vein into vacutainer tubes with .2 ml of oxalic acid (12.98 g/200 ml in a .9% saline solution) per 20 ml of blood added immediately. Samples were cooled in an ice bath and later centrifuged (2000 x g) for 30 rain. The supernatant solution was frozen and later analyzed for blood plasma urea by the method of Fawcett et al. (7) . Approximately 250 to 300 ml of rumen fluid were collected from each animal by stomach tube. After straining through cheesecloth, 50 ml of filtrate were mixed with .5 ml of a saturated solution of mercuric chloride and frozen. These samples were subsequently thawed and centrifuged (2000 × g) for 10 min; supernatant solution (5 ml) was combined with 1 ml of 25% metaphosphoric acid, recentrifuged (25,000 × g) for 20 min, and subjected to gas-liquid chromatography for rumen volatile fatty acid (VFA) analysis (6) . The remaining rumen fluid was acidified with 8 ml of 50% HC1/200 ml of rumen fluid and frozen. Samples were later thawed and centrifuged (2000 × g) for 10 min. Ammonia concentrations were determined by the method of Broderick and Kang (3).
Fecal samples were taken twice each day and composited over 5 d during the last week of each period. During the second period for each animal, fecal samples were taken every 4 h for 48 h to correct for diurnal variation in Cr excretion. Chromium was determined by wet ashing of samples with 85% phophoric acid plus potassium bromate and subsequent measurement of concentration by atomic absorption spectrophotometry as described by Kotb and Luckey (15) . Significance of treatment differences was assessed by analys~s of variance for a switchback design (2) with block and treatment in the model.
RESULTS AND DISCUSSION
In Vitro Fermentation
Numbers of bacteria and protozoa tended to remain constant throughout sampling; therefore, numbers determined on different days were averaged. Addition of SARS increased (P<.05) bacterial numbers (Table 3) , particularly at the 55 and 77 ppm concentrations. In contrast, protozoa decreased linearly (P<.05) with added SARS from 36,000/ml to 29,000/mi as concentration of SARS increased from 0 to 77 ppm.
Generally, numbers of bacteria and protozoa are inversely related (26) , possibly due to competition for energy or nutrients and ingestion of bacteria by protozoa (14) . Species of bacteria or protozoa were not identified; however, cultures maintained at pH 6.7 have been observed (23) to sustain most types of bacteria found in large numbers in the rumen of cattle. The pH for our fermenters at 12 h postfeeding varied from 6.76 to 6.78 (Table 3) , which is near the optimum for ruminal fiber digestion (24) . In previous in vitro studies, pH decreased when SARS was added (11, 12) , possibly because of a lower concentration of buffers.
Ammonia N for all treatments was similar and ranged from 4.6 to 4.9 mg/dl (Table 3) . This concentration of rumen NH3N is generally regarded as adequate for protein synthesis (21). Grobner et al. (12) reported that SARS at 60 ppm decreased NH3N in an in vitro system. Digestibility of OM was increased (P<.05) by addition of SARS to the diet (Table 4) , similar to observations by Goetsch and Owens (9) . Starch digestibility was increased (P<.05) with lower added SARS but tended to decrease at the higher concentration. No explanation for this effect is apparent, although Zinn et al. (28) observed depression in ruminal starch digestion with addition of 66 ppm SARS to a high concentrate diet. Grobner et al. (12) that SARS produced no significant change in starch digestion in vitro. Increased starch digestibility may be associated with increased bacteria. Crawford et al. (4) observed that starch and OM digestibilities by microorganisms in a dual flow continuous culture system usually were higher than digestibilities measured in vivo. Apparent digestibility of ADF tended to increase linearly with increasing SARS (Table 4) , which is in agreement with results of in vivo work by Goetsch and Owens (9) and Zinn et al. (28) . No significant change (/>>.05) in feed N digestion was apparent, although numerically the loss of N during fermentation was lowest at highest SARS. Trend was similar for microbial N output and microbial efficiency with added SARS (Table 4) . Microbial yield from rumen fermentation is limited both by energy availability, i.e., OM fermented, and by efficiency of utilization of the energy. Ruminal and culture conditions such as VFA concentration or NH3 availability can limit efficiency of microbial growth (g microbial N/kg OM fermented). Decreased efficiency of microbial growth with added SARS was noted in a subsequent in vitro trial (M.A. Funk et al., unpublished data) and in one feeding trial (9) , whereas efficiency has increased in other trials (10, 28) . Accuracy of the extrapolation from nucleic acid concentration to microbial protein with different ratios of protozoa to bacteria has not been determined. Nucleic acids are found in both bacteria and protozoa in contrast with many other microbial markers.
In Situ Digestion
Including SARS in the rations fed to the cannulated animals had no significant effect on the rate of disappearance of the substrates from the dacron bags during incubation; therefore, values for each treatment obtained from the two animals in both periods were averaged.
Rates of disappearance of OM, N, and ADF were greater for SBM than for all other substrates (Table 5 ). Disappearance of ADF and OM from the substrate with SARS was less than for the one without SARS. In contrast, Goetsch and Owens (9) observed greater total ADF digestibilities in vivo with 44 ppm added SARS, and Zinn et al. (28) reported small increases in ADF digestion with SARS supplementation. The ability to detect changes in digestion in situ was much greater for substrate than for diet effects, so localized antibiotic action of SARS was suspected. The difference in effect of SARS on in situ disappearance of OM and ADF and its effect on digestion in continuous fermenters or in vivo may be attributed to the fact that rate of passage is an additional factor than can influence results in situ.
Rate of disappearance of N tended to be less from the substrate with SARS than for the one without SARS. Zinn et al. (28) duodenal flow of feed N increased when SARS was added to a diet for beef calves; however, ruminal N digestion tended to be greater for cows fed a diet containing 44 ppm of SARS than for controls (9) . Reduced ruminal digestion of protein and OM with 77 ppm SARS added should increase escape of these to the small intestine.
Production Trial
Addition of 'SARS had no effect (P>.05) on milk production or percent of fat and protein in milk (Table 6 ). Intake of natural protein was restricted to approximately 80% of the National Research Council requirement for total protein, so if SARS reduced ruminal degradation of protein or increased microbial synthesis of protein in the rumen, cows should have responded by increasing production. In this study and in other trials (9, 25) , milk production has increased from 1 to 3% with addition of SARS. Although these differences have never been statistically significant, consistency of the results suggests that overall SARS has a positive effect. Parity of the cows may have affected the results, as Roffler et al. (20) observed that first lactation cows did not respond in milk yield to increased protein concentration in the diet, whereas multiparous cows responded positively. Whether or not a greater response to SARS supplementation would be obtained with older cows is not known.
Supplementation at 77 ppm SARS, air dry basis, did not reduce DM feed intake. Also, apparent digestibility of ration DM and body weight change were similar for both groups (Table 6 ). It is doubtful that energy intake limited production in this trial, because the cows were allowed to consume as much DM as they desired, and protein content was adjusted weekly to restrict intake of this component of the ration.
Rumen NHa and blood urea concentrations were similar for both treatments (Table 7) , providing no evidence for altered N utiliza- tion in the rumen. In contrast, Grobner et al. (12) reported that 60 ppm SARS decreased the concentration of NH 3 in in vitro fermenters. Goetsch and Owens (9) reported that ruminal N digestion by cows tended to be greater when a diet containing 33 % concentrate and 67% sorghum silage was supplemented with 44 ppm of SARS. In steers fed a 92% concentrate ration, duodenal flow of both total and feed N was elevated by dietary SARS (10) . Composition of the diet may influence the effect that SARS has on nutrient utilization in ruminants. Molar percentages of acetic, propionic, butyric, and valeric acids and total VFA concentration were not affected by SARS feeding (Table 7) . In contrast, Goodall (11) reported that 60 to 250 ppm SARS increased propionic acid and decreased acetic acid (P<.05) in steers.
Although increases in starch digestibility and bacterial numbers were observed in vitro with added SARS, no changes in vivo in fermentation products, such as ruminal NH3 and individual and total rumen VFA, were detected. Overall, SARS had greater effects on fermentation in semicontinuous rumen cultures and on in situ disappearance than in the rumen of lactating cows. Differences between in vitro and in vivo systems in substrate concentrations and passage rates of solid and liquid prohibit extrapolation of results between systems. Effects of SARS on passage rate, absorption, and metabolism cannot be detected in vitro. Supplementation of rations of lactating dairy cows with 77 ppm SARS did not significantly alter milk yield and composition, DM intake, or body weight. More research is needed to test specific steroidal saponins at different concentrations in the diet for lactating dairy cows under conditions where changes in ruminal fermentation would likely alter milk production.
